Abstract: Extraction mechanism and solvent structure were studied for the solvent extraction of cationic porphyrin (5,10715,20-tetrakis( 1 -methyl-pyridinium-4-yl) porphyrin; H~(tmpyp)~") and its metalloporphyrins (MP(n+2)+) into an acetonitrile phase separated from a 1: 1 (vh) mixture of acetonitrile with water by addition of sodium chloride. Wf denotes Cu", Co3+, Fe3+, Li' , Mn3', and Zn2+ and H2P4+ is the free base form of H2tmpyy4+. The separated acetonitrile phase contains a lot of water (more than 4 mol dm-) and sodium chloride (1 x 10' mol dm") that are necessary to extract the highly charged chemical species of the above porphyrin or metalloporphyrins which can not be extracted into normal organic solvents such as chloroform. The extracted chemical species dissociate in the acetonitrile phase and exist in ionized forms.
INTRODUCTION
When inorganic salts are added to a mixture of a water-miscible organic solvent and water, phaseseparation occurs due to decreased solubility of the organic solvent in the aqueous solution. The separated organic solvent contains water and salts and shows high polarity compared with the corresponding pure organic solvent (ref. 1). The salting-out technique has been used for the extraction of metal chelates, ion-pair complexes, organic compounds, prior to atomic absorption spectrophotometry (ref. 2), high performance liquid chromatography (ref 3,4) and polarography (ref. 5) and absorption spectrophotometry (ref. 6) . One of the advantages of using salting-out techniques is to be able to extract highly charged analytes which are not extracted into conventional organic solvents such as chloroform (ref 7). We found that cationic water-soluble porphyrin (5,10,15,20-tetrakis( 1-methyl-pyridinium-4-yl) porphyrin; H~(tmpyp)~') ( Fig. 1 ) and its metalloporphyrins (ME'@+2)') are extracted into an acetonitrile phase separated from a 1:l (v/v) mixture of acetonitrile with water by addition of sodium chloride in the presence of perchlorate. The complexes were not extracted into chloroform and 1,2-dichloroethane. M"* denotes Cuz+, Co3+, Fe3+, Li' , Mn3+ and Zn2+, and H2P4+is the free base form of porphyrin, H2tmpyp4+.
Several studies were conducted to better understand the role of salts and solvents in the salting-out technique. Most of the theories concerned with the salting-out effect have used salting-out coefficients (Setschenow constant) defined as ko = l/m(log So/S), where SO and S are the solubilities of the organic *Lecture presented at the 8th International Symposium on Solubility Phenomena, Niigata, Japan, 5-8 August 1998. Other presentations are published in this issue, pp. 1867-1932. 
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solvent in water and in an electrolyte solution of molality, m, respectively (ref. 8-10) .
However, microscopic chemical properties such as E~( 3 0 ) and solvent structures of the solvents ,separated by saltingout have not been studied.
In this paper we describe the mechanism of extraction of ion-pair complexes of metalloporphyrins into acetonitrile layers separated by salting-out and have developed a new and usehl method for the determination of metal ions. Furthermore, the E~( 3 0 ) and DIIJ (ref 11,12) values and the solvent-structure determined by X-ray diffraction are reported here for the acetonitrile layers in order to better understand the salting-out phenomenon .
4+

EXPERIMENTAL
Procedure
Solvent Extraction. Into a stoppered graduated tube, a 5-cm3 volume of aqueous sample solution was taken, then sodium chloride was added to the solution. When the salt had dissolved a 5-cm3 volume of organic solvent was added to the aqueous solution. The mixed solvent was shaken for about 1 min. The two phases were allowed to stand for a few minutes. The volumes of the organic and the aqueous phases were measured, and the concentrations of chloride in separate organic layers were determined by argentometry. The concentration of water was determined by Karl Fisher titration on a Karl Fisher Moisture Titrator (h4KL-200, Kyoto Electronics, Japan). Absorption spectra of porphyrins were measured by a Shimazu W -v i s spectrophotometer 2-2100. The concentration of sodium was determined b a PERKIN ELMER atomic absorption spectrophotometer (A ANALYST 100). A 1 .OO x 10" mol dm-perchloric acid aqueous solution containing the same concentration of sodium chloride as found in the aqueous phase after salting-out, was used as a standard for the hydrogen ion concentration Y (-log[H+] = 2.000).
X-ray dzflaction. All X-ray diffraction measurements were made at room temperature (25 "C) on a rapid X-ray diffractometer combined with an imaging plate (IP) detector (MAC Science Co. Ltd. DIP301). Detail of the diffractometer and its performance have previously been described phase-separated organic solvents and the mixed aqueous-organic solvents. All these data suggest that the donor and acceptor properties of the phaseseparated solvents increased after salting-out compared to the mixed solvents before salting-out. A large change in the chemical properties of solvents by salting-out was observed for acetonitrile, 1,4-dioxane, tetrahydrofbran and 2-propanol. The main factor for the change in E~( 3 0 ) value is the increased concentration of water in the phase-separated solvent: acceptability of the phase-separated solvents increases by incorporation of water that has a high acceptor 
Effect of salting-out agents
The phase separation depends on the salting-out agents. The effect of salting-out decreases in the following order:
SO:-Cl-. The main driving force of the salting-out is hydration of these cations and anions. The hydration energies (kJ mol-') of these ions are 4612 (A3'), 2198 (Mg2'), 1592 (Ca"), 1317 (Ba"), 501.8 (Na'), 424.5 (K' ), 2198 (Li') (ref. 16). With the exception of lithium ion, the salting-out is correlated with the hydration energies of the ions. The small salting-out effect of lithium ion may be due to the large solubility of lithium chloride in acetonitrile. The apparent molar absorptivity (&) of the porphyrins in the organic phase is correlated to the above Kex, Kdis,l and Kdis,~ as follows:
The values of Kex, and Kdis,2 were determined using a least square minimization program, assuming 61 = EZ. Since the extracted chemical species [MPXI] completely dissociates to [MPX3]+, the value could not be determined. The extraction and dissociation constants determined are summarized in Table 2 .
Determination of CoDDertIIl by Extraction in Acetonitrile.
The calibration graph was linear for copper concentration of 1.0 x 1 0 ' -5.0 x lo4 mol dm", with a high central molecule. A small broad peak observed at distances r 2 6.5 A suggests that there is no significant correlation factor (r = 0.998). The blank absorbance was 0.008 at 421 nm, and molar absorptivity E = 3.1 x mol dm3 cm-'. A sample solution containing 5.00 x lo-' mol dm" copper was determined with a precision of 1.3 % (RSD). The high sensitivity and the low blank aborbance were developed into a method for determination of subnanogram amount of copper(II) by the solvent extraction of [Cu(tmPYP>14'. The X-ray diffraction measurements for the acetonitrile-water mixtures suggested that the zigzag clusters as shown in pure acetonitrile remain even in the mixtures at low water contents. In the mixtures water molecules interact with acetonitrile molecules on the surface of cluster through antiparallel dipole-dipole interaction. However, X-ray diffraction measurements could not clarify the formation of acetonitrile-water hydrogen bond. When fiuther acetonitrile is added to water, acetonitrile molecules tend to gather to form three-dimensional clusters rather than random distribution. Moreover, water molecules form hydrogen-bonded networks in the mixtures at XM I 0.4. Thus, both acetonitrile and water clusters coexist in the acetonitrile-water mixtures in the range of 0.2 2 X , < 0.6.
CONCLUSION
The present study shows how mixtures of acetonitrile and water are usefiil for solvent extraction method, especially for highly charged ion-pair complexes. The extracted chemical species dissociate into ions in the mixed solvent. Both acetonitrile and water clusters coexist, thus, microheterogeneity occurs in the mixtures by dipole-dipole interaction between acetonitrile molecules. The unique characteristics of the solvent is ascribed to (1) increased high polarity of the solvent by involvement of water and salts in addition to high dielectric constant of acetonitrile and (2) the formation of acetonitrile clusters in which hydrophobic ion-pair complexes can dissolve. The method was applied to the determination of copper(II) in hot-spring waters.
